One of the significant issues facing engineering over the past several decades has been the recruitment and retention of students, particularly minority and female students. One method that has proven fruitful in attracting these groups is to utilize a service-learning approach to show the applicability of course content and the ways that it can positively affect others. Many programs, such as Engineers Without Borders, target service opportunities for engineers in a developing country and typically attract a higher percentage of female and minority participants than the national averages for engineering. Opportunities such as these are wonderful, but there are vast opportunities available within one's own community as well. At the University of Cincinnati, a course was piloted with a group of honors students based on the Engineering Projects in Community Service (EPICS) framework to allow vertically integrated and multidisciplinary student teams to work on projects to aid the residents and staff of a local, inpatient facility catering to individuals with debilitating neurological diseases. The class was open to any student in the university's honors program, and drew students from engineering, art and design, and the sciences.
In this paper, a description of the curricular structure and the student projects are presented. In addition, a subset of the students in the course present their own experiences with the course and how their participation has affected their view of engineering and their future careers. These students first reflected on their own unique experiences with the course, specifically focusing on working in a multidisciplinary and vertically-integrated team, the development of teamwork and technical skills, and the impact of the course on their view of engineering. After reflecting, each student analyzed the reflections of the other participating students and the commonalities and differences in the experiences were identified and are presented, with implications for similar courses/programs.
Background:
One of the significant issues facing engineering over the past several decades has been the recruitment and retention of students, particularly minority and female students [1] [2] [3] . As a result, many programs have been developed over the years to attract female and minority students to STEM disciplines. These programs range from programs at the college level to provide academic and social support, often associated with the Society of Women Engineers (SWE) and the National Society of Black Engineers (NSBE), to high school, middle school, and elementary school initiatives designed to excite women and minorities about engineering when they are first forming their ideas about their futures.
However, once students from these populations have been recruited, efforts must be made to retain them within engineering. One method that has proven fruitful in helping to retain these groups, especially women, is to utilize a service-learning approach, which demonstrates the applicability of course content and the ways that it can positively affect others [4] [5] [6] [7] . Many programs, such as Engineers Without Borders, target service opportunities for engineers in a developing country. Other programs, such as the EPICS program founded at Purdue University, focus on service opportunities in the community around the institution. Regardless of the venue, these programs typically attract a higher percentage of female and minority participants than the national averages for engineering.
At its foundation, service-learning is the marriage of service within a local, regional, or global community with academic learning 8 . More precisely, Hatcher and Bringle 9 define service learning by the following:
We view service-learning as a credit-bearing educational experience in which students participate in an organized service activity that meets identified community needs and reflect on the service activity in such a way as to gain further understanding of the course content, a broader appreciation of the discipline, and an enhanced sense of civic responsibility.
In order to fulfill each of the requirements expressed above, a service-learning experience must utilize each of the following four components 10 :
1. Service -Service must be provided to an underserved group or area. In engineering, this often takes the form of providing engineering skills and services to address a problem facing the underserved group. 2. Academic Content -Given that a service-learning experience requires the participants to gain a broader understanding and appreciation of disciplinary content, the experience must be associated with some type of academic content. Within engineering, this may be content from a specific disciplinary course or may be more general engineering skills, such as problem-solving and design. 3. Partnerships and Reciprocity -In any service-learning experience, there are a number of entities involved. In the majority of experiences, there are three main players: the students, the faculty or mentor, and the community. Each of these groups must form a relationship with the others. In a well-executed service-learning experience, these relationships become partnerships, in which each entity contributes to the project and receives a benefit from the experience. 4. Analysis and Reflection -One of the critical components that makes service-learning such an effective pedagogy is the use of reflection throughout the experience. Reflection is essential because it is the primary method for connecting the curricular content to the service experience. For many students, this will be the first time they are applying their disciplinary knowledge to a real-world problem, and thus they will need guidance in understanding how the work they are accomplishing on their projects relates to the course content. Reflection also allows for the opportunity to connect the course content and students' disciplines to broader societal issues.
Curricular Structure:
At the University of Cincinnati, a course was piloted during the fall 2014 semester with a group of honors students based on the Engineering Projects in Community Service (EPICS) framework to allow vertically integrated and multidisciplinary student teams to work on projects to aid the residents and staff of the Beechwood Home, a local, inpatient facility catering to individuals with debilitating neurological diseases. Students were required to register for a 3-credit hour course that met once per week for 3 hours, and received a letter grade at the end of the semester. The class was open to any student in the university's honors program, and drew a total of 17 students from engineering, art and design, and the sciences. A breakdown of the student participants is shown in Table 1 . During the regularly scheduled meeting time, instructors led discussions on a variety of topics, including engineering design and problem-solving, brainstorming, team dynamics, and background information on the types of illnesses faced by the residents at the partner facility. Each project team updated the class on their progress over the past week, their plans for the next week, and discussed any problems they were facing. The remainder of the time was devoted to working on the projects. Students were also expected to work on their projects outside of class, as necessitated by the project.
In addition to the work on their projects, students were also required to complete several other assignments throughout the semester. Each week, students were required to answer several reflection questions related to the topics discussed during class or to the status of work on the projects. Also, at the beginning and end of the semester, students completed a form where they outlined their goals for the semester (both academically and from a project standpoint) and how well they felt they did in accomplishing those goals.
In addition, three presentations were made during the semester. The first occurred during the third week of the semester so that the student teams and community partner could agree on the goals of the projects. The second presentation took place in the middle of the semester to provide the opportunity for students to receive technical feedback on their projects. The final presentation took place during finals week, in which students presented their progress on their projects to the community partner and their plans moving forward.
Overall, 5 projects were undertaken by the students: a physical therapy device to aid in maintaining hand strength and flexibility, an interactive game table to allow for residents to interact and exercise cognitive functions, a wheelchair mounted remote to interface with a system installed in the elevators to allow residents more independence within the facility, a wheelchair mounted system that would track the location of residents and would alert staff members in the event of a tip, and a device mounted in a resident's room to aid in calling for assistance through vision tracking. In the following section, three of these projects will be discussed in more detail.
Exemplar Projects:
Euchre Game Table  One of the goals of the Beechwood home is to allow residents to live their lives as independently as possible. Many are still capable of eating lunch without help and navigating around both the facility and in their individual rooms. However, one of the shortcomings at the facility was activities for the residents to engage in when official programs are not running. Socializing and having fun are essential parts to keeping a sharp and healthy mind amidst circumstances that can be fairly sad. Their current mental exercise consists of a limited number of daily seminars that only account for a few hours of the day and television for the rest of the time. Finding an alternative to television that encouraged much richer sensory stimulation was the problem that this team set out to solve. The idea was to create a game that was accessible by people with fairly limited motor abilities. It was hypothesized that through this medium, the residents would be able to receive a combination of visual stimulation by looking at the colors and items on screen, motor stimulation by pressing different buttons, and mental stimulation by using the information given to make intelligent decisions to try and emerge victorious. Another stipulation was that the table that held the gaming system needed to contain the ability to change its height so that residents with different sized wheelchairs could still participate in the game. Euchre was chosen as the game to implement, which is a 4 player card game and a particular favorite for the Beechwood residents. The game itself was developed using the Unity game engine. It has multiplayer functionality through WIFI and allows the residents to use a modified laptop configuration to interact with each other. The adjustable height solution used a modified car jack to achieve the desired motion. This was done to save money by not buying a premade table while also allowing staff members to easily change the height of the device.
Figure 1: Euchre Game User Interface
Physical Therapy Device This project group consisted of two senior biomedical engineering students and a senior mechanical engineering student. Due to the skills and interests of each member, the group decided to work on developing a physical therapy device. In order to develop a device that would have the greatest use and impact, the group decided to develop a device that would focus on exercising the hand and wrist. Almost all of the residents at the Beechwood Home are confined to wheelchairs and many of them utilize joysticks as a means of control. The overall goal of the project was to develop a device to mimic the muscle actions that are most crucial to a resident's daily life such as those involved in operating an electric wheel chair. The device is intended to assist with monitoring the decline of motor function in the hand and wrist of patients suffering from chronic neurological disorders. In order to best serve these needs, the device is designed with the user interface and the functional resistance in mind. The device needs to allow motions for pronation, supination, palmar flexion and dorsiflexion of the wrist. Due to the nature of the conditions of the residents at Beechwood Home, it is not expected that the exercise will result in an increase of strength. The device is more intended to hopefully delay the loss of strength and mobility and provide data to track degradation over time. 
Elevator Automation
The residents of Beechwood home often experience difficulty operating the elevators in the facility. This is caused mainly by the location of the elevator buttons coupled with the limited reach of residents in wheelchairs. This causes the affected residents to have to wait by the elevator for assistance for extended periods of time. This problem has been looked at by a group previously who came to the conclusion that the best solution would be pressure pads on the floor that, when rolled onto, would indicate the resident's floor choice. However, these improvements have yet to be implemented so the problem was revisited. The original intent of this project was just elevator automation but developed into creating a system that the residents could use to control multiple aspects of their environment such as TV's, lights, and calling a nurse as well as the elevators. This system involves one central remote that will be can be mounted onto a wheelchair or used as a standalone device and various receivers used to physically control the desired devises such as TV's or lights. The remote prototype is nearly complete and the receiver is being developed.
Figure 4: Latest Remote Prototype

Methodology:
At the conclusion of the course, a small group of students from the class chose to continue their involvement and wrote reflections on their experience throughout the semester. A set of questions were developed to help guide the students in their reflections and to help provide commonality. The students from the class that chose to participate are shown below: Once each student completed their reflection, they were compiled and exchanged. The students and instructors then reviewed each student's experience from the semester to identify commonalities and differences. The results of each member's analyses were then discussed within the group to arrive at the final set of common experiences.
Results:
Several common experiences were identified:
1. The service learning aspect gave true purpose to the project and was something students hadn't experienced in any of their other courses. The experiences of the students in the group involved with this study were similar to those expressed by the rest of the class on the end-of-semester course evaluations. For instance, several other students commented on the multidisciplinary nature of the teams. "At the end of the semester, we had a functional mechanical prototype but we were not able to achieve every muscle action that we originally proposed due to time and space constraints within the prototype housing."
The group also identified some differences in student experiences:
1. The timing in academic career affected the experience. First-year students had very little background in engineering whereas seniors had a solid background in their major along with several co-op rotations. 
Conclusions:
Overall, the students had a very positive experience in the class. The service-learning aspect of the course allowed for students to work on projects that had direct impact on people, which added a new component to the problem for many of them. Students also appreciated the multidisciplinary nature of the project teams, as most had not had this experience except for an occasional project while on co-op. However, many teams struggled with the open-endedness of the course, finding time management and project scope to be especially problematic.
